The ability of monkeys to follow the gaze of other individuals is a matter of debate in many behavioral studies. Physiological studies have shown that in monkeys, as in humans, there are neural correlates of eye direction detection. There is little evidence at the behavioral level, however, of the presence and development of such abilities in monkeys. The aim of the present study was to assess in juveniles and adult pig-tailed macaques (Macaca nemestrina) the capacity to use eye cues only to follow the gaze of an experimenter. Biological stimuli (head, eye, and trunk movements) were presented by an experimenter to 2 adult monkeys with their heads restrained (Experiment 1) and to 11 monkeys of different ages, free to move in their home cages (Experiment 2). A nonbiological stimulus served as a control. Results showed that macaques can follow the gaze of the experimenter by using head͞eye and eye cues alone. Trunk movements and nonbiological stimuli did not significantly elicit similar reactions. Juvenile monkeys were not able to orient their attention on the basis of eye cues alone. In general, gaze following was more frequent in adults than in juveniles. Like in humans, however, such abilities in macaques dramatically improve with age suggesting that the transition to adulthood is a crucial period in the development of gaze-following behavior.
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G
aze following is defined as the ability of one individual (X) to follow the direction of gaze of a second individual (Y) to a location in space (1) . The ability to track visually the gaze direction of conspecifics to targets may have a considerable adaptive advantage, because individuals can gain information about food sources, social status of conspecifics, and the locations of predators (2, 3) . It has been proposed that gaze perception plays a crucial role in social interactions (3) (4) (5) .
It is well established that apes (chimpanzees and orangutans) are able to follow the gaze direction of conspecifics (5) and humans (6, 7) by using a combination of head-and-eyes stimuli. Chimpanzees are also able to follow the gaze direction of a human experimenter by observing the eye direction alone, independently of the head movement (6) (7) (8) . In addition, chimpanzees and one orangutan have been reported to use eye cues from the experimenter to perform successfully object-choice tasks (9) . To date, there is no evidence that primates, other than chimpanzees, orangutans, and humans, can use eye gaze alone to monitor where a human observer is looking. In monkeys, the ability to follow the eye gaze alone has not been substantiated empirically. Recent observations have shown, however, that monkeys can orient their attention in response to static pictures of conspecifics looking toward specific directions (10) .
Neurophysiological studies have provided evidence that neural mechanisms coding the direction of the eyes exist in monkeys. Single-unit studies have shown that in the superior temporal sulcus of the macaque monkey there are neurons sensitive to the orientation of face and eyes (11, 12) . Perrett et al. (12) have suggested that one function of such cells would be to assist in the recognition of where another individual is looking. Functional MRI studies in humans demonstrated an activation of the superior temporal sulcus region during the observation of eyegaze direction of other individuals (13, 14) . This region is probably homologous to the superior temporal sulcus region of monkeys studied by Perrett et al. (12) . Altogether these findings demonstrated that humans and monkeys possess brain mechanisms coding eye gaze and suggested that gaze-following behavior based on eye cues only could be present not only in humans but also in monkeys.
In recent years, the analysis of gaze direction has been considered from a cognitive and developmental perspective. According to some authors, the observation and interpretation of gaze may be a key factor in developing a ''theory of mind'' (ToM; refs. [15] [16] [17] -the capacity to attribute mental states, such as intentions or beliefs, to other individuals (15, 18) . In humans, gaze-following behavior emerges between 3 and 18 months (19-22) of age. By 14-18 months of age, infants follow the gaze of adults by using eye cues only (23) , and by 18-to-24 months, they are able to understand the referential aspect of visual attention of others. At approximately the same age (18-24 months), infants develop other behavioral and cognitive abilities such as self-conscious emotions, planning, and the capacity to recognize themselves in mirrors (6). It is not until the age of 4 years, however, that they are able to perform successfully ToM tasks by using others' gaze directions (24) (25) (26) . Taken together, all these investigations indicate that, during human ontogenetic development, gaze-following behavior precedes the establishment of a ToM. Although it is not clear whether gaze following is linked to the ToM by a cause-effect relationship, it is possible that it constitutes a precursor or a marker during the establishment of a mind-reading system. Except for the study by Povinelli and Eddy (27) , which indicates young chimpanzees are able to follow the gaze of other individuals by the age of at least 5 years, no empirical works have considered developmental factors linked to the ability of gaze following in nonhuman primates.
In this article, we report two experiments in which we tested the hypothesis that the observation of the direction of eye gaze will elicit a gaze-following response (GFR) in macaques. In the first experiment, we tested this hypothesis by assessing the gaze response of two head-restrained macaques while head͞eye or eye stimuli were presented by an experimenter. Gaze responses were then compared with a nonbiological stimulus that served as a control. In the second experiment, we tested the same hypothesis in a seminaturalistic setting where the monkeys were free to move in their home cages. The aim of the second experiment was also to assess, by comparing macaques of different ages, whether the gaze-following capability is age dependent, as it is in humans. Methods Experiment 1. Subjects were two pig-tailed macaques, one male (M1: age 8 years) and one female (M2: age 9 years), living at the Primate Section of the Institute of Human Physiology. Both animals were born in captivity. They were housed individually in cages (100 ϫ 160 ϫ 100 cm) that allowed visual, auditory, and restricted tactile contact with other monkeys. The cage environment was enriched with toys and foraging boards. Because the monkeys had been already used for neurophysiological studies, they were already familiar with the testing room, primate chair, and head restriction. Both monkeys were used to the presence of and the interaction with the experimenters. During testing, the monkeys were not food deprived. In addition to primate pellets, their diet was enriched daily with fruits, vegetables, seeds, and living coleopteran larva.
Procedures. During the test session, the monkey was seated in a primate chair with its head restrained. The experimenter sat facing the monkey at a 1.5-m distance. To determine which stimulus features elicited a GFR, the monkeys were tested in three experimental conditions: head͞eyes, eye, and control. In the head͞eyes condition, the experimenter turned the head 70°up, down, left, or right, with the eyes always aligned with the head (Fig. 1b) . In the eye condition, the experimenter oriented the eyes up, down, left, or right to the extreme position of the orbit (Fig. 1c) . In the control condition, a white painted box (26 ϫ 20 ϫ 15 cm) marked with two circular red spots on the front side ( Fig.  1a) was placed in front of the monkey at a distance of 1.5 m. The control box was moved around horizontal and vertical axes by means of strings maneuvered from a hidden place to the four directions: up, down, left, or right. For each stimulus direction, a total of 12 trials was administered. Each trial started when the stimulus began to move. In each trial the end position was kept for 3 s. The trial was considered concluded at the end of the 3 s. Conditions and trials were administered randomly. Each monkey received one 20-min-long session. The experiment was videotaped by a Panasonic VHS video camera that was positioned behind the experimenter. A mirror placed to one side of the monkey's head and facing the experimenter allowed recording of the experimenter's gaze. Experiment 2. Subjects were 11 pig-tailed macaques (Macaca nemestrina), 5 females and 6 males. All macaques were captive-born. Infants lived with the mother until the age of 2-3 years. Their ages ranged between 2 and 16 years. The monkeys were subdivided into two groups: juvenile͞adolescent monkeys and adult monkeys. The monkeys of the first group (juveniles) had an age between 2 and 6 years. The monkeys of the second group (adults) had an age of Ͼ6 years. This distinction was made considering a series of morphological, developmental, and behavioral factors typical of macaque species (28) (29) (30) . All subjects lived at the Primate Section of the Institute of Human Physiology. They were housed in single cages (cage measurements: 100 ϫ 160 ϫ 100 cm) of a connected-cage system that allowed brief, daily periods of interaction between two or more individuals. The environment and the diet were the same as those described for Experiment 1.
All experiments complied with the European law on the humane care and use of laboratory animals.
Procedures. During the test session, the monkey was separated from other individuals. The experimenter sat at a 1.5-m distance in front of the cage (see Fig. 2 ). A curtain positioned behind the experimenter prevented the monkey from interacting with other individuals or objects while tested. To determine which stimulus features could elicit a GFR, we administered four experimental conditions. The first three conditions were the same as those described in Experiment 1. The fourth was a trunk condition that required the experimenter to turn his trunk about 60°to the left or to the right (Fig. 1d) . In each trial, the turned position lasted 3 s. Condition and trials were administered randomly. For each stimulus direction, a total of 12 trials was administered. Each subject was tested during two sessions performed on different days. The experiment was videotaped by a video camera positioned behind the experimenter (Fig. 2) . A mirror placed on the front of the cage faced the experimenter and allowed for the recording of the experimenter's gaze.
Behavioral Analysis of Experiments 1 and 2. Videotapes were analyzed independently by two experimenters. To judge the monkeys' responses to the movements of the experimenter, the directions of monkeys' gazes were subdivided into four classes: up, down, left, or right (Fig. 1e) . A trial was considered valid if the monkey engaged its gaze with the stimulus at the trial beginning. If this criterion was met, the direction of the first gaze movement after stimulus visual engagement was recorded. In Experiment 1, the gaze movement made by the monkey referred to the movement of the eyes only, because the head was restrained. If the monkey did not look at the stimulus during the trial, then the subject's response was considered invalid and not included in the statistical analysis. GFR was scored if the subject directed its gaze toward the sector corresponding to the stimulus direction. No GFR was scored if the subject directed its gaze toward a sector different from that of the stimulus direction or if the monkey did not move its gaze.
To control for possible effects caused by differences in attention between juveniles and adults, 5 min of behavioral analysis was scored randomly during each test session. The behaviors analyzed were (i) amount of time in which the monkey's body was oriented toward the experimenter and (ii) amount of time in which the monkey was visually exploring the experimenter.
A third scorer was included to determine the interobserver reliability that was calculated for a sample of 117 trials. The average reliability of the three resulting pairwise comparisons was 92.4% (range ϭ 91.3%-94.8%).
To check whether the vision of the experimenter showing the stimulus could bias the scorer, two naive scorers analyzed a sample of 103 trials in which the vision of the experimenter on the screen was prevented. We then compared the number of discrepancies between blind scoring and what the actual scorers judged when scoring the 103 trials. The percentage of agreements of the two different methodological scoring samples was close to 100% (scorer 1, 96.01%; scorer 2, 94.11%), thus demonstrating the high reliability of judgements made during the nonblind scoring.
Statistical Analysis. For Experiment 1, the number of GFRs divided by the total number of valid trials was recorded and compared with that expected by chance (expected probability of 0.25) by using the binomial test. Data were analyzed further by plotting together results from the two subjects and comparing eye and head͞eyes conditions to control by means of the McNemar nonparametric test.
For Experiment 2, each monkey's percentage of GFRs (number of GFRs divided by the total number of valid trials in each experimental condition) was calculated for each condition in the two sessions. Because statistical analysis (Wilcoxon matchedpairs test) did not reveal any significant difference between the two sessions for each condition, we averaged the results of the two sessions. The experimental condition was then compared with the control condition by using the Wilcoxon matched-pairs test. The Mann-Whitney test was applied for adult versus juvenile comparisons.
Spearman's rank order correlation analysis was carried out to correlate the ages of the animals and the percentages of GFRs. Behavior of adults and juveniles (i.e., time with the body oriented toward the experimenter and time inspecting the experimenter) was compared by a two-way ANOVA (2 ϫ 4 ANOVA with groups of different ages and sectors to where gaze was directed, as main factors). If ANOVA did reveal significant differences between the two groups, post hoc testing was performed by using probable least-squares difference tests.
To determine at which age GFR is present, each monkey's number of GFRs was compared with that expected by chance (expected probability of 0.25) by using the binomial test. The expected probability of 0.25 is also confirmed by the percentage of responses during invalid trials displayed by animals at the stimulus presentation. Behavioral analysis (5 min) was selected randomly during each test session, and all responses in invalid trials were recorded. As a result of this behavioral analysis, data showed that during invalid trials, the directional responses of animals were equally distributed in the four spatial directions (percentage means are given): up, 24 Fig. 3 illustrates the results of the experiment. Both subjects made a number of GFRs greater than chance either when the stimulus was the head͞eyes (M1, 17͞22, P Ͻ 0.00001; M2, 15͞26, P Ͻ 0.0005) or the eyes alone (M1, 12͞15, P Ͻ 0.00005; M2, 14͞29, P Ͻ 0.005). No differences were observed in the control condition (M1, 6͞39; M2, 7͞27). Statistical analysis showed that the observation of the head͞eyes and of the eyes alone elicits a higher proportion of GFR than the control (P Ͻ 0.005 and P Ͻ 0.05, respectively).
The valid trials were equally distributed among the four spatial directions. After calculating each spatial direction in the three conditions, the percentages of valid trials ranged from 19.4% to 34% (nonsignificant, McNemar test). Experiment 2. Fig. 4 illustrates the results of the experiment. For adults, statistical analysis showed a significant difference in head͞ eyes and eye-gaze following compared with control (z ϭ 2.20, P Ͻ 0.05). For juveniles, statistical analysis showed a significant difference in percentage of GFRs elicited by the head͞eyes cues compared with control (z ϭ 2.02, P Ͻ 0.05). Eye cues only were not able to elicit a GFR in juveniles. When compared with adults, juveniles showed a lower percentage of GFR when the stimuli were both the head͞eyes or the eyes (P Ͻ 0.01). Binomial tests revealed that the number of GFRs in the head͞eyes condition is significantly above chance at the age of 3 (P Ͻ 0.05), 4 (P Ͻ 0.05), 5 (P Ͻ 0.00001), and 6 (P Ͻ 0.005) and in all adults (levels of significance ranging from P Ͻ 0.005 to P Ͻ 1 ϫ 10
Ϫ16
), but it is not significant in the 2-year-old monkey. Binomial tests also revealed that the number of GFRs in the eyes condition is significantly above chance at the age of 5 (P Ͻ 0.05) and in all adults (levels of significance ranging from P Ͻ 0.01 to P Ͻ 1 ϫ 10 Ϫ7 ).
The percentages of head͞eyes- (Fig. 5a ) and eyes alone- (Fig. 5b ) gaze following as a function of age are illustrated in Fig. 5 . Statistical analysis revealed a significant correlation between age and the percent of trials eliciting GFR in response to head͞eyes (r ϭ 0.88, P Ͻ 0.0005) and eyes alone movements (r ϭ 0.71, P Ͻ 0.05).
The statistical comparison between adults and juveniles showed the difference in GFR was not caused by attentional differences between the two groups. In fact, ANOVA did not show any statistical differences between the two groups. During 5 min of behavioral analysis scored randomly during the test session, adults and juveniles spent a similar amount of time with the body oriented toward the experimenter (data expressed as means Ϯ SEM; adults, 257.7 Ϯ 9.9 s; juveniles, 240.2 Ϯ 10.5 s) and a similar amount of time inspecting the experimenter (adults, 16.2 Ϯ 21.7 s; juveniles, 19.2 Ϯ 15.7 s).
Discussion
The issue of whether nonhuman primates are able to follow the gaze of conspecifics has been the aim of many ethological investigations. There is general accord that apes possess this ability, but whether this ability also applies to monkeys is still a matter of debate. There is evidence that macaques follow the gaze by using a combination of head-and-eyes stimuli spontaneously provided by a conspecific in a naturalistic situation (5), by observing a videotape (1), or by observing a human experimenter (31) . In contrast, Itakura (7), in a study in which he compared 11 species of nonhuman primates, reported that apes show GFR above chance, whereas monkeys do not. Up to now, only one study explored the possibility that gaze following in monkeys can be elicited by eye cues alone (10), although stimuli were presented to head-restrained monkeys by means of static pictures.
The results of the two experiments presented here demonstrate that macaques are able to use head͞eye cues to follow the gaze either in a head-restrained condition or in a free-moving condition. In contrast, nonbiological stimuli (control) and movements of the trunk oriented to different locations in space do not elicit a significant GFR. Our data also demonstrate that eye cues alone may play a key role in eliciting GFRs, thus extending to monkeys what was considered to be unique to humans and apes.
Other investigations showed that the facial region, specifically the eye region, is the preferential target of monkeys observing conspecific facial images (32, 33) . The periocular region is used in social contexts to convey information about the emotional state of the individual, and thus it can be used to communicate affiliative or agonistic intentions or to recognize them when produced by other individuals (32, 34) . Because social communication in nonhuman primates heavily depends on facial expressions, it is conceivable that gaze-following behavior based on eye cues has evolved by ''exploiting'' the natural tendency of monkeys to observe salient facial features such as the eyes.
The results of the second experiment showed that, as in humans, GFR in macaques dramatically improves with age. Compared with adults, juvenile monkeys showed a marked difference in head-gaze following, because they were unable to determine the direction of another's gaze by using eye cues only. These results cannot be explained on the basis of differences in attentional factors, because adults and juveniles devoted the same amount of time interacting with and visually exploring the experimenter. In juveniles, the orientation of the head and eyes together is the first feature that triggers a shift in visual attention response suggesting that in young macaques head-and-eyes orientation together provide more salient signals to the direction of another's gaze than eyes alone. This ontogenetic trend resembles that of humans: 3-to 6-month-old infants are able to follow the gaze of an adult by using a combination of head-andeye cues, but it is not until 14-18 months that they are able to follow the gaze by using eye cues only (19, 21, 23) . Thus, in humans, this ability develops when children are still dependent on their parents. In monkeys, GFR based on head͞eye cues develops between the 2nd and the 4th years, a stage at which juveniles are weaned but still socially dependent on their mothers (30, 35) . According to our results, however, GFR based on eye cues alone seems to develop only at a later stage. This finding renders unlikely the interpretation that GFR is related to the maturation of visuomotor coordination and motor skills, because in monkeys, these skills are settled well before the end of the juvenile and adolescent period. It is therefore possible to hypothesize that the development of GFR could be related to the relatively long period preceding adulthood, during which young macaques have the opportunity to explore better the physical environment (35, 36) and to learn the rules of their complex social context (28) . Indeed, it is well known that juveniles spend much of their nonfeeding time engaging in social play. It has been proposed that through play, juveniles may establish dominance relationships and learn social and communication skills (28) . Thus, it seems that in macaques, the emergence of a GFR based on head-and-eye cues could be linked to the processes of transition to adulthood when individuals acquire skills and develop relationships that may be of both immediate and long-term benefit (28, 36) .
A final comment for discussion in light of the present results is the relation of GFR to the appearance of cognitive processes leading to the development of a ToM. The link between gaze following and the ToM was theorized by Baron-Cohen et al. (37) . According to these authors, the perception of eye gaze is a crucial step to the development of a mind-reading system that allows individuals to understand not only what another individual is attending to, but also what it is thinking about. Thus, the eyes can be thought of as ''windows'' to the minds of others. From an evolutionary perspective, some authors have proposed that the ToM evolved to cope with social challenges (3). In accord with this proposal, several investigations in humans showed that deficits in gaze following are associated with impairments in social and cognitive abilities such as autism (37) . Our results do not allow us to conclude that a ToM does exist in monkeys. However, the fact that macaques, together with humans and great apes, display the ability to follow the gaze of others by using eye cues corroborates the notion of ''cognitive continuity'' in the domain of intentional-state attribution among different primate species (see ref. 38 for a broader discussion and ref. 39). 
